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specification 


Cutting Device and Cutting Method for Optical Fiber. 


Background of the Invention 


1, Field of the Invention 

The present invention relates to an optical fiber cutting device and optical fiber 
cutting method for smoothly cutting optical fibers 

2. Description of the Related Art 

Plastic optical fibers (referred to as "optical fibers" hereinbelow) are widely 
used for optical communication, opto-electric switching, etc. In these areas of usage, 
optical fibers are connected to other optical fibers and to optical receiving and emitting 
elements. In this situation, the end surface of the optical fiber must be smooth because 
the condition of the end surface of the optical fiber influences the transmission loss of 
the light. 

Conventionally, in order to make the end surface of the optical fiber smooth, 
optical polishing and mirror surface transfer processing are carried out after cutting, as 
disclosed, for example, in Japanese Patent Application, Second Publication, No. Sho 62- 
57001 (1987), However, these operations have the drawback that their operability is 
low. 

Thus, devices which omit this kind of end surface smooth processing and, obtain 
a sufficiently smooth end surface by cutting with the object of improving operability, are 
disclosed, for example, in Japanese Utility Model, Second Publication, No. Sho 62- 
15762 and Japanese Utility Model, First Publication, No. Hei 5-75703, The device 
disclosed in Japanese Utility Model, Second Publication, No. Sho 62-15762, is a cutting 
device provided with a pair of side walls having insertion holes for supporting the 
optical fiber and one cutting blade, and obtains a smooth end surface by precisely 
moving the cutting blade. In the device disclosed in Japanese Utility Model, First 


Publication, No. Hei 5-75703, a cutting blade with a fan shape set at 30 - 50°, thereby 
suppressing damage of the blade. 

However, the device in Japanese Utility Model, Second Publication, No. Sho 
62-15762 can make the end surface of the optical fiber sufficiently smooth, but it has the 
drawback that if the cutting blade is thin, the cutting blade will deteriorate easily. In 
addition, the device disclosed in Japanese Utility Model, First Publication, No. Hei 5- 
75703 has the drawback that half of the end surface of the optical fiber is in a cleaved 
state because the cutting weight rapidly decreases after the cutting blade transits the 
center of the optical fiber. 

In addition, a small optical fiber cutting device which can obtain a smooth end 
surface is disclosed in Japanese Utility Model, First Publication, No. Hei 7-26802. In 
this cutting device, an optical fiber is clipped and cut by manually rotating on the center 
of a fulcrum at least one of an optical fiber anchoring member or a blade support member 
which supports the blade, and between the optical fiber anchoring member and the blade 
support member, an elastic body such as a spring is used. Because of this, the elastic 
strength of the elastic body increases as the cutting progresses, and as a result, the speed 
of the movement of the cutting blade decreases. In addition, the speed of the movement 
of the cutting blade can be adjusted so as to slow down after completing the cutting of 
half of the cross-section area of the optical fiber. 

However, in this cutting device, the cutting speed depends on the size of the 
manual force applied at the time of cutting. Thus, the cutting speed is irregular, and 
stable cutting cannot be carried out. Also, there are the problems that the optical fiber 
may be cut at an inappropriate cutting speed. Because of the instability or 
inappropriateness of the cutting speed, the cut surface may be insufficiently smooth. 

In summary, up to the present, an optical fiber cutting device and an optical fiber 
cutting method wherein the cutting blade deteriorates with difficulty and the smooth 
entire end surface of the optical fiber can be obtained and the optical fiber can be cut 
stably have not been proposed. 


Summary of the Invention 

The optical fiber cutting device of the present invention provides a speed 
reduction part which transmits drive force by reducing the drive speed of the external 
drive force, a drive force transmission part which transmits the drive force from the 
speed reduction part to the cutting blade holder, a cutting blade holder, a cutting blade 
which is held by the cutting blade holder and moves with the cutting blade holder to the 
cutting position, and an optical fiber supporter which holds the optical fiber so as to be 
perpendicular to the cutting blade at the cutting position. 

addition, if cutting blade havihg a blade thickness of a (mm) is used, and this 
cutting blade is moved at a speed of p (mm / minute), a and p are set so as to fulfill the 
following expression (1): \ 

p ^ -253a + 65 \ Exp. (1) 

In addition, it is further preferable that said drive force be provided by a rotating 
motor, and that said speed reduction part be a set of speed reduction gears which reduces 
the rotation speed of the above motor, and further, that said drive force transmission part 
comprise a cam which rotates along with the rotation of said set of speed reduction gears 
and a cam follower which moves rectilinearly along with the rotation of said cam. 

Brief Description of the Drawings 

Fig. 1 is a top view of a cross-section of the optical fiber cutting device of the present 
invention. 

Fig. 2 is a side view of a cross-section of the optical fiber cutting device of the present 
invention. 

Description of the Preferred Embodiments 

In the process of cutting the optical fiber, the cutting blade contacts the 
circumferential part of the optical fiber and then, because the cutting area increases until 
the middle, the cutting weight is increased. After the cutting blade transits the center 


part of the optical fiber, because, contrarily, the cutting area decreases, the cutting weight 
is decreased. At this time, if applying the same force as has been necessary in cutting 
when the cutting blade has arrived at the center, after the cutting blade transits the center, 
the cutting speed increases because the force per unit of area increases. If the cutting 
speed becomes too fast, the cut surface of the optical fiber will be in a cleaved state, and 
will lose its smoothness. 

In the present invention, by lowering the speed of the movement of the cutting 
blade by the speed reduction part, and stopping the acceleration of the cutting blade after 
it transits the center of the optical fiber, cleaving of the end surface of the cut optical 
fiber can be prevented, and the stress on the cutting blade during cutting can be 
decreased. By making the degree of the reduction change depending on the position of 
the cutting blade in the direction of a diameter of a cross section of the optical fiber, and 
by using a speed reduction part which can maintain the speed of movement of the cutting 
blade almost always constant, these effects can be further increased. 

Moreover, it is not necessary that the device of the present invention be 
completely formed in one device, but can comprise an arrangement of a plurality of 
devices. 

It is possible to use, for example, a stainless steel blade as the cutting blade in 
the present invention. The shape of the cross-section of the cutting blade can have 
linear sides, as in generally the case, or other shapes, for example, a side with a fan shape. 
In order to cut the optical fiber as smoothly as possible, the thickness of the blade at the 
edge of the cutting blade (referred to as the "blade thickness" below) should be as thin as 
possible, and additionally, the angle formed by both sides of the cutting blade along the 
edge should be as small as possible. However, as the blade becomes thinner, or as the 
blade angle gets smaller, the durability (product life) decreases, and thus the blade 
thickness and blade angle must be determined according to the cost when cutting the 
optical fiber and the smoothness of the end surface of the optical fiber which is required. 
In addition, as will be explained later, because the degree of the smoothness of the 
optical fiber and the deterioration of the cutting blade is influenced by the speed of 


movement of the cutting blade as well, it is preferable to determine the blade angle and 
blade thickness taking into account the speed of the movement of the cutting blade. In 
addition, the smoothness of the end surface of the optical fiber and the durability of the 
cutting blade are greatly improved by heating the cutting bla de during cutting. 

As the drive force necessary for cutting, the rotating force of a motor, for 
example, is representative, but other driving forces, for example, manual driving forces, 
are possible. The drive speed of this kind of drive force is reduced to the desired speed 
for cutting the optical fiber by the speed reduction part, and is transmitted to the drive 
force transmission part. The speed reduction part can be constructed, for example, from 
an arrangement of gears of differing diameters. In this case, when gears and a cam 
disposed on the same axis of a gear can be used together, it is possible to control the 
speed of the movement of the cutting blade with even further accuracy. 

In the case of a drive force which does not have a high speed, for example, 
manual force, as a speed reduction part, it is possible to attain the desired speed by 
disposing a speed control apparatus, such as a damper or a cam on the part which 
transmits the drive force. 

Moreover, when using manual force as the driving force, the drive speed will 
vary depending on differences between individuals, and in addition, the same person may 
change the drive speed between the beginning of the cutting and the end of the cutting. 
However, in actual practice this problem will not arise because it is possible to make the 
absolute value of the amount of change in the speed small if the drive speed is reduced at 
a constant rate. 

The drive force transmission part transmits the drive force from the speed 
reduction part to the cutting blade holder. The cutting blade holder holds the cutting 
blade, and can move in a predetermined direction. When the direction of the drive 
force and the direction of the movement of the cutting blade are different, the direction 
of the force can be changed in the drive force transmission part. For example, in 
contrast to the output from the speed reduction part which has a circumferential direction, 
when the cutting blade needs to be moved in a rectilinear direction, a cam and a cam 


follower which is arranged so as to contact with the cam and moves in a rectilinear 
direction along with the rotation of the cam are used, and the cutting blade holder is 
anchored to the cam follower. In this state, by making the cam rotatej the cam presses 
on the cam follower, and the cutting blade holder moves in the rectilinear direction, the 
result being that the cutting blade arrives at the cutting position. 

The optical fiber supporter anchors the optical fiber perpendicular to the cutting 
blade in the cutting position so as not to move during cutting. A side wall, for example, 
which adjoins the cutting blade during cutting is provided, and an optical fiber insertion 
hole which penetrates in a direction perpendicular to the cutting blade can be provided in 
this side wall. It is preferable that the optical fiber supporter support the optical fiber 
on both sides of the blade in order to prevent cleavage of the end surface of the optical 
fiber and cracking in the axial direction of the optical fiber. 

The slower the speed of the movement of the cutting blade is set, the end surface 
of the optical fiber becomes smooth, and the deterioration of the cutting blade is 
minimized. However, because when the speed of the movement of the cutting blade is 
set too slow, naturally the operability decreases, the speed of movement of the cutting 
blade is set according to the required conditions. 

^^^X order to coordinate the smoothness of the end surface of the optical fiber, the 
degree of deterioration of the cutting blade, and the operability at a sufficiently high 
level, if the blade thickness is a (mm) and the speed of movement of the cutting blade 
when cutting the optical fiber is p (mm/minute), then it is preferable that a and p fulfill 
the relationship described by £^^4-. It is further preferable that the blade thickness a be 
0.5 mm or less, and that the speed of the movement of the cutting blade p be 100 mm / 
minute or less. 

In addition, it is preferable that the speed of the movement of the cutting blade 
be close to constant from the beginning to the end of the cutting, without being 
influenced by the change in the cutting weight. When the speed o*f the cutting changes 
greatly, undulations may be produced on the cutting surface of the optical fiber due to 
changes in the direction of movement of the cutting blade. 


Below, the present invention is explained in detail according to an embodiment. 
Fig. 1 is a top view of a cross-section of an example of the optical fiber cutting 
device of the present invention, and Fig. 2 is a side view of a cross-section of the 
example of the optical fiber cutting device of the present invention. Reference numeral 
1 is the cutting device body, and 2 is the upper lid. The optical fiber insertion hole 
(optical fiber supporter) 9 has a diameter about the same size as the diameter of the 
cross-section of the optical fiber, and because there is sufficient thickness in the direction 
of the insertion, the inserted optical fiber can be supported so as not to shift during 
cutting. A slider (cutting blade holder) 4 holds the cutting blade 3. The slider 4 has a 
structure wherein the cutting blade 3 only moves in the direction of the arrow (the Z 
direction) along the page surface of Fig. 1 and Fig. 2, and the edge of the blade slides 
completely across the insertion hole 9. 

The trigger lever 8 is maintained in a rotatable state by making an axis of 
rotation near the center of the lever. One end of the trigger lever 8 protrudes outside the 
body, and can be manually manipulated, while the other end is along and in contact with 
the bottom surface of the speed reduction gear (speed reduction part) 7. 

C7I A protrusion is provided protruding on the plane surface on which the end of the 
speed" reduction gdar 7 side of the trigger lever 8 moves. When the trigger lever 8 is 
rotated, the protrusion provided on the speed reduction gear 7 is pushed, and the speed 
reduction gear 7 islforced to rotate at a predetermined angle. On one part of the 
circumference of tHe speed reduction gear 7, gear teeth which mesh with the speed 


reduction gear (spe 


d reduction part) 6 are provided, and by causing the trigger lever 8 to 


rotate, the speed rec uction gear 6 and the speed reduction gear 7 mesh. In this manner, 


after the speed redu 
turned on, the drive 
(drive force transmi 


tion gears 6, 7 have meshed, when the switch of the motor 5 is 
force of the motor 5 which starts rotating is transmitted to the cam 
ion part) 10 through, in order, the speed reduction gear 6 and speed 
reduction gear 7 as tAe speed of the drive force is reduced. The cam 10 is disposed on 
the same axis as the speed reduction gear 7, and rotates along with the rotation of the 
speed reduction gear V. The cam follower (drive force transmission part) 11 contacts 
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the cam 10, and is anchored to the slider 4. The arrangement is such thit when the cam 
10 rotates, the cam 10 pushes the cam follower 11, and accompanying thik, the slider 4 
moves in the direction of the arrow (the Z direction) on the surface of the page in Fig. 1 
and Fig. 2. Then when the optical fiber is inserted into the insertion hole\9, the optical 
fiber is cut by the cutting blade 3 held by the slider 4, \ 

Using an apparatus such as the one above, the optical fiber was cut using a 
cutting blade 3 with a blade thickness of 0,1 mm and a blade angle of 10 degrees. 

Then the shape of the cam 10 and the speed reduction ratio of the speed 
reduction gears 6, 7 are set, based on the number of rotations of the motor 5, and as the 
speed of the movement of the cutting blade fulfills the conditions of Eq. 1 above from 
the cutting beginning position to the cutting ending position, in the case of this apparatus, 
the speed of the movement of the cutting blade 3 is set so as to be 40 mm / minute or less. 
In addition, during cutting, the speed of the movement of the cutting blade 3 is made 
almost constant, irrespective of its position. 

The end surface of the obtained optical fiber is smooth, the cutting blade 3 
endures use more than 100 times, and the deterioration of the cutting blade 3 is small. 
That is, according to the optical fiber cutting device and cutting method of the present 
invention, the deterioration of the cutting blade 3 is reduced, and a smooth optical fiber 
cutting surface is obtained stably. 


